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Upper Class E Traffic Management (ETM) W< -

Defining Upper Class E Operations

Upper Class E airspace operations refer to those that take place over 60,000 feet above mean sea level (MSL) in the
Mational Airspace System (MAS). Operations in upper Class E airspace have historically been limited due to the
challenges faced by conventional fixed wing aircraft in reduced atmospheric density. However, recent advances in power
and propulsion technology, aircraft structures, flight automation, and aerodynamics have increased the number of vehicles
that can now operate in the low atmespheric density airspace that is characteristic of upper Class E. This means that
sophisticated high altitude. long endurance (HALE) vehicles, unmanned free balleons, airships, and supersonic/hypersonic
aircraft can now efficiently and economically satisfy research objectives, demands for broad coverage services (i.e., earth
sensing, telecommunications), and supersonic passenger flight

lir Traffic Management

Figure 1: National Airspace System, depicting Upper Class E traffic management {(ETM) operations

The Need for ETM

In fhe United States, there are no specific provisions for aircraft operations above 60,000 feet for civil aircraft, and most
existing applications are limited to military operations. Existing Air Traffic Management (ATM) systems are unable to cost-
effectively accommodate upper Class E airspace needs, and they are not necessarily feasible or desirable for upper Class

New Kid on the Block: An
Introduction to Upper Class E
Airspace

Upper Class E Traffic Management, or ETM, is the latest in traffic
management approaches to emerge from the innovative
collaboration between the FAA, NASA, and the aerospace industry.

Federal Aviation Administration | Follow
Oct 214 min read
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®

By Nikki Jedlicka, Michelle Cady, and Sherri Magyarits, FAA Office of NextGen

W hen most of us think about very high altitude, practically futuristic
aviation, we think of covert military operations and stealthy spy

vehicles — mysterious, top secret, and beyond the realm of reasonable

https://www.faa.gov/uas/advanced_operations/upper_class_etm/

https://medium.com/faa/newkid-on-the-blockan-introduction-to-
upper-classe-airspaced0ef37001839
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FAA ETM Development Contributions

V Conducted Tabletop Sessions with FAA, NASA, industry, State agency, and other stakeholders to
inform the ETM concept development
A Tabletop #1 conducted in April 2019

A Focused on understanding planned operations above FL600 and began discussions around a
concept of operations for ETM

A Established ETM foundational principles and assumptions for the cooperative environment
A Established ETM development responsibilities for Industry, FAA, and NASA

A Tabletop #2 conducted in Dec 2019
A Explored ETM concept considerations associated with ATC interactions

A Identified operational issues/considerations associated with operations transiting to/from
ETM environment, operations that occur both above and below FL600, contingency
operations, and other issues that impact air traffic control operations

A Informed FAA ETM Concept of Operations document development
A Informed engineering plans and considerations




FAA ETM Development Contributions

V Developed initial ETMConOpsv1.0
A Finalized May 2020

A Documents vision to date:

A Detailed Overarching foundational principles for cooperative
traffic management, plus foundational principles and
assumptions, and

A Operational threads, roles and responsibilities, and high level
operational requirements for transit to/from Upper E,
contingencies during these phases, and a flexible floor concept

Concept of
Operations

v1.0

for operations just below FL600. mr;?;t;:nal
C ETMconOpS/Z-O ::'s:sozrs‘?bilities
A Expected Release July 2021 Sconarios and

Threads

A Document industry vision of Cooperative ETM
environment and foundational as developed by
industry and agreed upon by FAA

Further refine and expand upon existing material Upper Class E Traffic Management (ETM)

Feedback/input from industry is necessary to mature
the ETM concept and develop a relev&dnOps
version 2.0

To I




Industry Actions

C ETMcooperativeoperationsconceptandsharingarchitecture
C Rulesof the road(e.g., right of wayrules)
V Negotiationbased rather than currentrulesof the road
C De-conflictionstrategiesconflictidentificationandresolution)
V Conflictsidentifiedin time to enableresolutionthrough negotiation(mutualagreementsad-hoc)
C Equityandaccessule developmentandenforcementguidelineqe.g., priority)
C Determinepair-wisevehicleseparationenvelopes

C Industrywill identify information requirementsand/or considerationdor FAA/ATGystems(e.g., flight planningneeds,
vehicleperformance/separatiorenvelopes)

V  Separatiorbasedon vehiclecharacteristicsperformance,and equipmentwith safetymargins

C Industrywill work with NASAo developsimulationsandconductresearchto further developmentefforts
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Industry principles for ETM rules of the roa
Conflict identification and resolution
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Context

ARight of way rules were established to codify conflict resolutions between
different aircratft:

AVFR: Coordination between vehicles is very limited, and it was therefore necessary to

define static rules that would ensure a consistent and predictable pilot behavior during
conflict to ensure safety.

AIFR: There are established protocols, but controllers take responsibility and decide whi
aircraft needs to give way to ensure a safe, orderly, and expeditious flow of air traffic.
52Ay3 a2 0UKS 02y NP ﬁaEBHﬁﬂ@among?amsﬁaSe@xse?\s@Se
typically with similar needs, performance, mission, and costs of deviation.

AWhile adequate to ensure safety in the current environment, the rules of the
road as defined today are not equitable:

A Permanent advantage given to least performing actor

A Designed based on human capabilities and are not likely well adapted to new types of
missions which may desire to station keep to occupy a portion of the airspace for
durations as long as a year (acting like a permanent obstruction).
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Context

AThe higkaltitude environment also presents new challenges:

Aln the stratosphere, vehicles have wide ranging and very different
performances and mission objectives.

A Some missions will extend to entire years, some stationary, some others in
constant movement.

AOperators have different business models, varying constraints, and costs to
maneuver, all of which change as a function of time.

Aln this context it is challenging (if not impossible) for a controller to
effectively and fairly balance the constantly evolving missions,
objectives, utility functions, cost functions and performance
characteristics of all actors.
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Context

AThe envisioned collaborative environment of the stratosphere offers
new possiblilities:

Aln this highly automated digital environment, operators can easily and
effectively communicate with one another, and share their intents, vehicle
performance, preferences, constraints, utility and cost functions.

AMuch of the interchange would be through machine to machine
communications to enable complex intent sharing (e.g. probabillistic 4D

volumes), frequent updates (hundreds per minute fleetwide), and complex
preference/constraints sets.

AThrough automated negotiation, operators can maximize the overall efficiency
of the airspace and fairness to its access.
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Previous Work

A Negotiation to resolve conflicts that arise during strategic deconfliction of operational
Intent in UTM has been a topic of interest over the |last six years. NASA has proposed

and advocated some simple approaches to deconfliction, such that negotiation would
occur very seldom.

AThere was an attempt in the later TCLs to explore how negotiations could work. NASA
reviewed their catalog of existing approaches to "negotiations" in the NAS such as
credits, option sets, etc., but the work was discontinued due to other pressing issues
with developing and testing UTM.

ACKS aAYLXS | LIINPJ OK dzaSR. AY, 0KS FTANBRUOG
Reserved CANR U { SNBUSReEOD ! aSNASa Z2F UASO NI
also added, within some bounds. NASA assumed this would encourage efficient
planning and minimize intersections, at least in the short to medium term. More
complex negotlatlon IS deferred from the fjrst version é)f the ASTM UTM. standard due
Uz UKS LISNOSLIAZCAWNBEBDUO { SQS8IRE wadAA ENBSR
until the density of drones increases substantially.
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Previous Work

AHowever, in ETM many vehicles in the stratosphere are airborne for months and must
share a rolllngi\llntent window, which is Qne major difference from UTM. , The.concept
2T A CANKCANBAaESNPRBANRSR c<-if Alivadnislés planfod aiidp@d a
rolling window and conflicts can be detected 12 hours in advance, who reserved first?
Additjonally,.in ETM we do not want to incentivize operators to reserye too far in the
TdzidzZNE ouz2 0S aFANARAU O2YSevuv YR o0t 20]

AC2NJ a9¢aé¢ GKS USFY Ydzad &0 NI RA&Odzaaa
Into the upcoming simulation events. In the stratosphere, negotiation is key. In the
UTM environment, strategic conflicts are resolved prior to departure, but InETM,
vehicles may already be airborne when most strategic conflicts are identified. We will
therefore discover situations where, if-wehicle changes intent and continues their
trajectory, conflicts will arise. So, negotiation must take place and deconfliction
decisions made while both vehicles are still capable of moving (otherwise there is no
negotiation to have).
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Principles of conflict identification and
resolution for ETM

Alndustry believes that simulations should provide the answers
necessary for the design of the ETM rules of the road. As such, the
simulation framework should be flexible enough to simulate different
sets of assumptions, rules of the roads and measure their impact.

Alndustry would like to simulate what would happen if the current rules
of the road were kept unchanged. This can act as a baseline to
compare other approaches.
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Principles of conflict identification and
resolution for ETM

Sharing of intents on rolling windows

Minimum separation depending on vehicle performance

Resolution through negotiation

Exchange of vehicle performance to define conflict identification timing
Conflicts identified Hiime to enable negotiation

A tiebreaker that does not rely on 3rd party in case of negotiation
deadlock

Negotiation protocols designed to optimize efficient use of a limited
resource

8. Observe, record, learn and evolve
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1.Sharing of intents on rolling windows

AThe stratosphere will be composed of many operations airborne for
months or years at a time, some frequemdplanning and with
varying and sometimes substantial uncertainty when projecting flight
paths into the future.

AAs visibility far in the future may be too uncertain, it is expected that
operators will share their intents for a limited forward looking horizon
that is useful for deconfliction, and they will update and extend their
AYyiSyda 2y | NB3IdzZ I NJolara a2 O

AThe size or length of this window is one topic that the ETM simulations
should investigate.
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1.Sharing of intents on rolling windows
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2. Minimum separation depending on vehicle
performance

Alt is expected that the minimum separation between two vehicles will
be dependent on the characteristics, performance and equipage of the
vehicles, as well as a safety margin adapted to the vehicles and
context.

AFor example, the minimum vertical separation between two vehicles
will be a function of their respective equipment accuracy and frame of
reference.

ATwo vehicles could be vertically separated using pressure altitude, GPS, or a
mix of the two, the position error can be adequately characterized, and

provided that conversion between frames of references are possible (along
with the characterization of the error associated with the conversion).

Predecisional
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3. Resolution through negotiation

AGiven the wide variety, and evelnanging set of mission objectives,
constraints, vehicle performance, cost and utility functions, industry
believes that the dominant means to resolve conflicts should be via
AYSIA2UAFIGAZ2YED

ADuring this process, operators can exchange preferences and
constraints to find an optimal collective solution to a conflict.

Aadzt GALX S YSOKFyAaYa 2F GyS3I20GAl
may be used in combination (for example, thenad negotiation may
be used in absence of bilateral agreement):
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3. Resolution through negotiation

ABilateral / multilateral agreement®etween operators which can poefine
a set of rules that would apply In various circumstances. Those are
negotiated between operators well in advance of operations.

AAd-hoc negotiation enables operators to negotiate the resolution of a
conflict as It is identified, provided the conflict is identified sufficiently early
for the negotiation and resolution/maneuver that result to safely take place.

Multiple mechanisms of aldoc negotiation can/should be considered: these
may Include human to human negotiation (tadequate In the short term / low
density) but will automated negotiation protocols (e.g. option sets) or market
like systems such as bidding systems (e.g. similar to those used in financial
markets or online advertising, Spectrum allocation, etc...)
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3. Resolution through negotiation

It Is worth noting that the outcome of the negotiation need not be a
binary outcome:

1. The burden of avoidance could be shared between
operators/vehicles. For example, a negotiation outcome may be that
both vehicles perform a maneuver 10 yield a collectively lower
RA&GUOAZND I yOS (2 020K hLISNF G2NARQ

2. An operator may offer to move one or more other vehicles (adjacent

to the one originally in conflict) to provide an alternative passage to
0KS 20KSNJ 2LISNY 62NXQRa OSKAOf So



4. Exchange of vehicle performance to define
conflict identification timing

ABecause much of the deconfliction will happen while airborne, it is essential
to compute how long a conflict will take to resolve (time to maneuver + time
to send updated instructions to the vehicle + time to negotiate the
resolution).

Alt is expected that operators will need to provide some maneuverability
envelope (time to control / change course). This is necessary to compute
now much time before an expected loss of safe separation a conflict must
e identified in order to avert it.

AExchanges of maneuverability and controllability (maneuverability
envelope), performed in real time through API protocols, is likely to become
necessary for vehicles that have performance profiles that change in time
(e.qg. function of the battery state of charge or flight environment).

Predecisional




4. Exchange of vehicle performance to define

conflict identification timing

Predecisional

AOperators need a way to communicate concisely and digitally where the
flexibility in their mission planning lies in order to choose the most
collectively advantageous maneuver.

ADetermining an appropriate standard to exchange maneuverability will be
necessary. Such a standard should be as generic as possible to represent a
possible types of operations/vehicles.

Ala Iy Fylf23eées Ay O02YLIR2aArAidsS aiNdHzOi
represent the moduli along the material axes. The_inverse of this being the
GO2YLIX Al yOS YIFIOUNREE¢ | VR aK2gAy3 Ay
flexible. Perhaps something like this could be established using the

dimensions of lateral, vertical, and temporal (along flight path) flexibility or
aO02YLI Al yOSSGJ



5. Conflicts identified viime to enable
negotiation

AFor negotiation to be possible, conflicts must be identified early
enough such that both vehicles in conflict have enough time to give

way to the other (there Is no negotiation possible if only one venhicle is
capable of moving).

AThe negotiation process must yield a solution before either of the
vehicles in conflict is no longer able to safely avoid the other one
(which would force the more maneuverable vehicle to avoid the less
maneuverable vehicle as we currently define in the rules of thegoad
which are obsolescent in this collaborative environment).

Predecisional



5. Conflicts identified viime to enable

negotiation

Predecisional

Conflict flagged for H
deconfliction i One vehicle no longer
Both A & B in position i able to safely maneuver
i out in time.

Arbitration fallback
mechanism if unsuccess ful

negotiation Risk exceeds TLS if no

maneuver initiated.

al
Deadline for maneuver
initiation

In cases where the vehicles in conflict have important maneuverability
differences, the conflict will need to be flagged far in advance such that
the lower performing vehicle has time to give way to the higher
performing vehicle if such is the outcome of the negotiation process.



6. A tiebreaker that does not rely on 3rd
party in case of negotiation deadlock

ADepending on the negotiation method used, a tiebreaker will be
necessary If there is a possibility for the negotiation to not reach a
solution In the imparted time (deadlock negotiation). Note: this Is
necessary because when conflict resolution Is performed while
alrborne, the absence of a negotiation solution in a timely
manner could lead to catastrophic situations.

AThird parties are not necessarily needed (or even desired) for
arbitration in case of stale negotiation.

ATie breaker mechanisms should be fast, last resort solutions, and
used on rare occasions.

Predecisional



6. A tiebreaker that does not rely on 3rd

party in case of negotiation deadlock

Predecisional

Alndustry would like to consider simulating the use of the existing rules

2F UKS NBIR & I LR2&aaAotS aRSTL .
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compare this with an alternate tlereak mechanism that has an
outcome that cannot be predicted in advance by the parties, so as not
to influence the negotiation.

Alnltlally we could simulate negotlatlon ancHbieeak solutions that

EASER I N}YXYR2Y dapnkpné 2F 2001 A



/. Negotiation protocols designed to
optimize efficient use of a limited resource

Industry believes that the negotiation framework established should be
designed to maximize the efficiency and utility of airspace utilization.

Predecisional
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8. Observe, record, learn and evolve

AThe stratospheric airspace will continue to evolve. It is
important to learn from initial implementations and adapt as
needed.

AAs such, it is important to implement mechanisms to record
dispute, inefficiencies, system abuse, and overall undesired
effects of the system.



Industry Actions

CommunityBasedRulesDevelopment

C FurtherRulesgoverningDeconfliction/Negotiation
C Conflictdetectionconsiderations
A Howare conflictsdetectedand communicated?

A Uniform ETMwide conflict detectionand notification system/software?
A Individualoperatorsystems?

A Whatarethe time horizons?e.g., minimum/maximumlookaheadtimes)

A Notifications(who, when,and how are thoseimpactednotified?)

A Differentlevelsof non-conformance?e.g., reducedmaneuverabilityJossof
vehiclecontrol)

32



Industry Actions

CommunityBasedRulesDevelopment
C FurtherRulesgoverningDeconfliction/Negotiation6 O2 y i QR

C Equityof airspace/Righof wayrules?

A Unresolvedhrough Negotiation,who must move?(e.g., vehiclewith
greatermaneuverability)

A Whatdictatespriority when negotiationfails?
C Furtherconsiderationdfor intent sharingand replanningfrequency?

A How are rolling intent windows determinedfor usefuldeconfliction?
(e.g., vehiclecharacteristics)

33
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Simulation Roadmap



Simulation Roadmap (draft)

Simulations: In-
flight negotiation

Simulations:
performance-based
minimum separation

Analytical studies
for defining minimum : :
separation Simulations:

Pre-departure
negotiation

Simulations:
Interactions with
class A traffic In
potential Flexible

Floor environment




